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However, if we include variations of temperature and atmospheric
pressure as mechanical imperfections the latter become more serious.
The effect of temperature and pressure variations is to change the rotor
speed and, in most cases, the expansion caused by temperature changes
will displace the centre of gravity of the gyro. The magnitude of the
precessional errors depends on whether attempts have been made in the
design to maintain a constant rotor speed and to provide temperature
compensation. Random precessional errors are always present because
of wear of bearings and the inevitable damage of the delicate parts
which are an unavoidable feature of all gyroscopes.

Earth rotation end speed of aircraft. As explained in Section I, a
perfectly balanced gyroscope would tend to maintain a fixed direction
in space and consequently it has an apparent angular movement because
of the rotation of the earth. It has also been shown in Section I that
if the gyroscope has a linear motion of its own, as when it is carried -on
a ship or an aircraft, the apparent angular movement depends also on
the speed and direction in which it is moving.

When the gyroscope is in a fixed position on the earth it has an
angular velocity w sin >. about a vertical axis and 01 cos A about a N-S
horizontal axis, where o> is the angular velocity of the earth and X is the
latitude of the place at which the gyroscope is situated. Before pro-
ceeding further it should be appreciated that an aircraft in flying from a
point A to a point B on the earth's surface would normally do so in
one of two ways, as shown in Fig. III. 3. It can fly either along a great
circle track or along a rhumb line. The shortest distance between two
points A and B would be the arc length of the great circle which passes
through them. This corresponds to a straight line on a plane surface.
But in practice there is no direct reference which will enable the pilot
of an aircraft to fly a great circle track accurately. It will be seen that
except when the track of the aircraft is along a meridian, or along the
equator, a great circle makes a constantly changing angle with the
meridian, i.e., the track of the aircraft would be constantly changing.
If the aircraft flies on a constant compass course, that is, at a constant
angle to the meridian, its track is known as a rhumb line. Fortunately
the rhumb line distance between two places is not much greater than
the great circle distance for journeys up to approximately 500 miles.
For longer journeys the aircraft is flown over a series of rhumb line tracks
which approximate the great circle track required.

It will be obvious that since the gyro does not detect any angular
movement which takes place about its axis of spin it will, if set spinning
with its axle parallel to the earth's axis, continue to point to the celestial
pole irrespective of the earth's rotation and any motion of the aircraft.
The gyro would then always be inclined at an angle to the horizontal
equal to the latitude of the place. If we then desired to use the gyro to
indicate direction it would be necessary to project the axle vertically pn
to a horizontal plane. In the case of the gyroscope with three degrees
of freedom, that is, with two supporting gimbal rings, this means that
the axis of the outer gimbal ring must always be vertical. The practical
objections to the use of such a gyroscope are discussed later under
"Directional Gyro."

It has been shown in Section I, Appendix 6, that if a space gyroscope
is carried on an aircraft flying on a track 6 with consequent angular